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By W. Byron Brown and Guy R. Bradshaw

SUMMARY

A method of designing vaneless diffusers, using data given .for
silmple conical diffusers, is presented. The rate of expansion of -
the flow area through the diffuser is fonnd in terms of an eguiva-
loent cone laid off aloug the logarithulc spiral having an angle
equal to that for the optimum fiow condition of the impeller.

A family of diffusers with equivalent cone angles of 40, 60,
ard 8°, all having the same throat height, waes designed and experi-..
mentally studied. A second series of diffusers, having throats
equal to 62, 72, end 93 percent of the height just beyond the
impeller outlet and all having the cone angle corresponding to the'.
best perfowmance in the first tests (6°), was then constructed. A
diffveer with the 6° equivalent cone angle aund a contraction ratlo
of 0.72 was found to have the highest efficiency, about 0.83 at the
diffuser exlt at tip speeds of 900 to 1200 feet per second. The
improved performance with the forementioned design parameters wag:
particularly noticeabls at high loads and tip speeds.

INTRODUCTION

The demand for improved diffuser performance becomes increasingly
ingigtent with refinement in impsller design and emphesis on high . -
- compressor effliclencies.. As a device for achieving high efficlency
in the centrifugal-type compressor over a wide rahge of air flows
and tip speeds, the vaneless-type dlffuser has oertain inherent
advantages over the vaned-type diffuser. At the impeller outlet
the distribution of velocities, both in megnitude and dirsction,
precludes the possibllity of 1ntroducing fixed varies that will
provide the optimum angle of attack for all tne incident air at any
one operating condition, and’ changes in this angle with volume FPlow
and tip speed stlll further reduce the probabiLity of asatisfactory
incidence. Morsover, the presence of diffuser vanes neaer the impeller
outlet may result in relative velocities ‘equal to that of sound, with
consequent shock losses. On the other hand, continuous diffueion of
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aupersonic clromferential-veloclty compuneuts apparently can be
accomplished in the vanelees diffuser and. changes in the flow angle,
-in the abaence of vanes, apparéntly will produce no serious increases
in diffuser losases.

The design of vaneless diffusers involves two closely related
problems. In order that the diffusion may be efficlently accomplished,
the nonuniform flow at the impeller outlet should be converted into
a steady flow with a uniform veloclty profile before a serious
attempt is made %o reduce the axial and radial components of velocity.
This trensformation 1s a finction of the transition sectlion, the
passage from the impeller outlet to the narrowest part (throat) of
the diffuser passage. The function of the diffuser proper is to
convert the dynamic energy of the advancing flow into pressure as
rapldly as possible without incurrirg flow separation at the most
adverse operating condition. Because diffusion of the tangential
component Iisg essentially a function of radial distance only, any
acceleration of the diffusion process must be effected by increasing
the rate of diffusion of the radial and axial components of velocity,
that 1s, by increasing the rate of expansion of the flow area.

An efficlent diffuser should perform both of these operations
with the smallest possible losses and at the same time, because of
the penalty on. size, in the smallest possible frontel area. Inas-
much as detailed information concerning flow conditions in the transil-
tlon section is lacking, only rather general design criteria can be
get up; for example, graduel changes in direction of the walls and
gradual changes in flow area, particularly from small to large aread.
In the absence of satisfactory theoretical criteria for tke determina-
tion. of the optimum rate of diffusion in a vaneoless diffuser, the
optimum rate of area expansion, as & first approximation, can be
made the same for the vaneless diffuser as the optimum rate for a
simple conical diffuser. Experiments with such diffusers (refer-
ence 1) have shown that maximum efficiency is asgociated with
divergence angles of 5° to 8°

The analytical problem is therefore: (a) to determine a transi-
tion profile that, conforming to the preceding criteria, blends
smoothly with both impeller outlet and diffuser entrance, aud (b) to
fix such values for the distance between the two plates of the
diffuser proper that the rate of area expansion along & prescribed
flow path shell be the same as the rate of area expansion of an
equivalent ¢one having the optimum divergence angle. When equations
incorporating the conditions on transition and diffuser secions are
set up, a variable parameter may remain undetermined in each case.
The optimum value of the appropriate parameter for sach section may
then be experimentdlly determined.
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The method used in the design of the diffusers and the results,
in terms of compressor psriormance, orf varying the parsmsters asso-
clated with the transitlon secticn and the diffuser proper are
Presented. ¥Five 34~linch-dlameter vaneless diffusers were studled.
Three Giffusers were designed with the same transition-section
pareameter but ejuivalent cone angles of 4° 6°, and 8 The transi-
tion sectlion of the diffuser showing the best performance was then
80 modified as to give first a wider, then a narrower, throat than
the original, and the effect of these modifications was oxperimen-
tally investilgated.

SYMBOLS

The following symbols are used:

c constant of integration

°p specifio heat at constant pressure, foot-pounds per
pound op

D hydraulic diameter, inches

iy friction coefficient (ratio of shear gtresas to dynamic
pressure)

& accelergtion of gravity, 32 14 feet per second per
second .

h paesage height perpendicular to rear shroud, inches

X constant dependent on

1 distance measured along flow path inches

M angular momentum per unit mess (rUe), foet per second X
inches

g totsal pressure, inches of mercury &bsoclute

Pz/Pl compressor pressure ratio, ratlo of outlet toval pres-

sure to inlet total pressure
- P stati¢ pressure, inches of mercury absolute

Q l/y e corrected volume flow, cublic feet per minute
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Qt,1/4/9 I@z specific capacity, cuhic feet per minute per squars foot

(where Dp 1s lupsller-outlet diameter)
gas constant, 53.4
radial distance from axis, inches
radius of equivalent cone section, inches

radius of curvature for transition-section front shroud,
inches

total temperature, °R
static temperature, °R -
ebgolute air velocity, feet per second

compenent of air velocity in axial direction, feet per
sccond (fig. 1)

meridional component of ailr veloclty (normal to Uy,
end parallel to rear shroud of diffussr), feet per
second (fig. 1)

component ‘of air velocity in radial direction, feet
per second (fig. 1)

component of air veloclty tangential to circle of
redius r, feet per second (fig. 1)

inmpeller tip speed, feet per second
mass alr flow, pounds per second
flow angle (angle between U and Upy), degrees (fig. 1)

angle between diffuser rear shroud and radial direc%ion,
degrees (fig. 1) . '

ratlo of speciflc heats

half-angle of equlvalent cone along design path, degrees

.angle between front and rear shrouds at Impeller outlet,

dogrees
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Nad adistatic efficlency

8 ratic cf actual inlet stagnation temperature 1o NACA
gtendard sea~level temperature

A cecatractlon ratio for tramnsition section (he/ho)

o] elr dsnsity, -pounds per cubilc foot

P angle between front and rear shrouds gt diffuser

entrence (after transition section), degrees

Subscripts:
) entrance to diffuser section (transition-section exit)
o) impeller outlet (transition-section entrance)

DESIGN THEORY

The two phases of diffuser operation, transformation of the
chaotic flow at the impeller outlet into a uniform stream and
converaion of the kinetlc energy of the radlal and axial components
of velccity into pressure, may conveniently be separately considered,
although nelther component of the diffuser can bhe designed independ-
ently of the other. The dlffuser propsr will be considered filrst;
then the requirements for a smooth transition section from impsller
to diffuser will be established.

Diffuser section. - With respect to the diffuser proper, the
problem as defined is the determination of a diffuser proflle that
will provide & rate of increase of area along a predetermined flow
path the same as thet of a conical diffuser of divergence angle 28.
Because of compressibility, designing for only one operating condl-
tlon is possible. At this design condition, the air leaves the
transition section at some angle a that is assumed to remein
constant throughout the diffuser. The design path 1ls therefore a
logarithmic spiral, or more precisely, because of an axial component
of flow 1n this instance, a helix on a cylinder whose directrix
curve ig & logarithmic spiral (fig. 2). A stralght line equal in
length to the arc length of the helix forms the axls of the equiva-
lent cone.

At any dlstance 1 &along the design pafh

2 | (1)

2nrh sin g = wrg
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where 2nrh sin ag 18 the area of the diffurer passage normel to
the flow dirvectlon and nrcz ig tas area of tho corresponding sec-

t;on of the equivalent cone. The quantities r, h, and r. arse
all functions of 1.

When equation (1) is differentiated with respect to 1,

a{rh) arg -
Sin CLU' dZ = I‘C dZ (2)

But

and

d(rh) _ d(rh) dr =,Qé%§l gln oy cos P

If these substitutions are made Iin equation (2), the value of r,
introduced from equation (1), and tne egquation ls rearranged,

d
I (¥h) NZ ten

s —— =

‘Vrh ~ s1n3/2 Qg COS B’

where K 1s adjustable through 1te dependence on &g4.

=K (3)

If equation (3) 1s rewritten in the form

~ rn
and integrated,
Kr = 24Tk - C - (3a)

where C, & constant of integration, depends upon the profile and
the height of the transition section, which fix hy, rg, and ag.
It is determined by the conditions thet the diffuser entrance shall
have the same height as the transition-section exit, and that the
two sections, at thelr junction, shall have common tangents at both
front and rear shrouds. :
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When equation (3a) is solved for h e

K°r KC & @ o
h——a__—'+ —-2-+ ZEE‘ )
Equation (4) glves, in terms of coustants that must be adjusted to
the transition section, the value that % must have at all radii in
order that the rate of area expansion along the design path sneil be
the same as that of a coue of half-angle 5. '

Transltion section. - Primarily becauge of the extreme com-
plexity of the flow conditions at the lmpeller outlet, it 1s diffi-
cult to Iimpose on the transition section any more definite require-
ment than that it shell have gradual changes in both the direction
of the wells and the flow area. For simplicity thim study is iimited
to & sectlon whose front wall is a cilrcular arc, whereas the rear
wall, after turning gradnally through an angle of 5° in a radial
direction, continuss as ‘a straight line. The 5° bend was neces-
sitated by the dimensions of the experimentel setup. The require-
ment for smooth transltion from 1mpeller to diffuser implies five
geometrical conditicna: ;

(1) The relation between passage heights gt entrance and exit
of the transition section may be expressed "

= ALg N (5)

where A 1s here regarded as an arbltrary constant whose optimum
velue is to be deteimined experlmentally. . :

(2) The fundamental equation for. the determination of h
(equation (4)) becomes, at the exit from ths transition section

2 .
h - T Ko, B (42)
e = 7% 2 T dr, @

(3, 4) From the geometry of the configuration shown in fig-
ure 3, o

Yo - Yo = ry(sin € + sin @) cos B _ (6)
and

hy + ry cos ® ="hO + Iy cos € (7)



8 NACA TN No. 1426

(5) The requirement tkat the diffuser and transition sections
have the same slops et the 1iffusar sutrance ylelds

tan dh K= ¢® (8)
[Winly! (j - 4.‘ ‘i’” 2 .
<]

The four physical conditione to be met are the continuity equa-
tion
* 2xrhUy,

We=p iz (9)

the adiabatic relation (appendix A),
’ 2.53
o -2l o T (20)
" RI\ 2gc. T
the equation for the loss of total pressure (appendix B), T

2 2
CHC O 8eC” M

__ T dr P _ . =
ap = - 2 e - = (11) _
ré{l - 55355/005 B

end the angular-momertum eguatlon (refersnce 2) which In the present
notation becomes : . ' :
aM _ - e 88 % dr

el T Gos - (12)

where the magnitude of f 1is one-fourth the maznitude of tne friction

factor of reference 2. The factor c¢os B appears here in the

denominator because the element of design path of reference 2 1s in

a plane normal to the axis. S _

DESTGN PROCEDURE -

The gecmetry of the impeller outlet, as well as the mean flow
conditions and the state of the alr at that location, 1g-assumed to
be known; that is, the quantities hy, W, Tg = Tg, Pgs Ue o2
and V are glven. From these quant?tles, the meridlonal component

of the alr velocity Um o__and the angle o , where .
J

U.
-ba_n_a, ——.I.‘.LQ.

o .
Un,o . .
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cen be found as also cen the denslty p,. The successive steps in
the design are then as follows:

1. The value of hg was determined from the relation hg = Ahg.
The initial value of A was uecessarily arbitrary. For the condi-
tlons of this investigatlon, the optimum value of A subsequently
was eXperimentally found to be approximately 0.7.

2. Inasmuch as & dlrsct solution for the unknown variebles
leads to excesslively complicated equations, a trial-and-error
approach ls more practicable. The angle ¢ is necessarily small
because of the small values of 8. As a first approximation to the
solution; @ - may therefore be assumed equal to. O. ZEquations (6)
and (7) then take the form

Yg = Yo =G elne cos B

where
: h, - h
o) Gl . .
=T oo ¢ -
From the preceding equations

by - hy

r -1 T evte—a——a——
8 o 1l - cog €

8in € cos B
This value of r_ - r, was retained and 1s later used to find the
corrected value of . ' ' i

3. Equation (12) was integrétad from entrance to exit of the
transition sectlon to determine the angular momentum of the flow at
the trenmsition exit. This integration provides the relation

c8C &

log Mg = - T —“E"(re - ro) + log My (13)

From contihuity considerations and the geometry of the flow

csc o - 2n
h = pr’J

The magnitude of rUy, and of rU, decreases slowly through the
transition section whereas that of p increases slightly. The

magnitude of (csc a)/h was therefore assumed to be constant through
the section and the Initial value was used.
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4. The circumferential-velucity component at the exit of the
transition ssction wes found from the equation

My

5. When the va’ue of M from equation (13),

- f Eﬁ%:g(r - ry)
M=M, e (14)

is substituted in equation (11) and the equation integrated between
the limits P, and P,, the value for P, 1s given In the form -

f csc o sect a e e - Gsﬁ_@<rl_ '0)
log Py = - 2 n " I oos B 5 @r + log P,
N ' afy U7 '
. ry o (E 7'2@0_%) _ _ (15)

In equation (15) and the follouwlnug equation, an approximate value -
of U 18 needed. A suffigientl% accurate value can be obtalned
from the equation U8 = Uy© + Ug”™ by using the value of Uy at the

transition-section entrancs.

6. The denslty pg at the exit of the transition section was
found from the relation

. 1,328 Bg [ 2
¢ T T - 2go,T

7. Values of ¢ and o ‘oan*then'be“¢élQulated from the
followlng equatlons, which are developed in appendix C:

tan @ = B + G cot ag (18)
where
2hg cos B
B=2tang € - ——r0—
re-ro

G = 144 W cos B
:rpeMe(re - ry)
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and
144 W cot ay Len B ten ©
2aMpr, | sinS @, cos” B @08 P
tan & ) Ztanzﬁ—— 4 ten ©
+ = e Al 2 - : (17)
'1_/2 sin” oy cos B \sin'?’ ag cos” B cos B

A trisl-snd-error method wag employed in the solution of these equa-
tions. A value for ¢ was assimed and ecuation (16) was solved

fer «p. These valves were then inserted in eguation (17) and, by
inspection, a second apprnximation to @ was chosen, such as to
reduce the existing inequality, and the procedure was repeated.
Three or four trials were vsually sufficient to give an identity

for equation (17) .

8. The constants ‘K &and C, which determine the profile of
the passame, were then obtained from equations (3) eand (8), res-
pectively: :

Nz tan ®
K=T57
gsin“/ g cos R
and
! 4t '
- g2 .4 ten P
© ”f’a-\’K cos B

The velue of ry wag found from equation (6)

e = re"ro
t 7 (sin € + sin ) cos P

9. As a check, the channel height was then calculeted from the .
two equations : ' :

. = h o f -
by = B, + rylcos € - cos ®)

2 A
K°rq XC C@

kg = —"4:—' +a+ 'Zl"_e' . (48_):-_
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DECTGNS TESTED

The design troory lsaves undateimined the optimum values of
both the contraction ratio A and the equivaleut cone angle B.
It was therefore desirable that ths experimental program investigate
the effect of varying sach of tlhese parameters. Three vaneless
diffusers of 34-inch dlemeter were built and tested. For each of
these diffusers, the value of A was 0,72 and that of o was 26°,
corresponding to the best imneller performance. The equlvalent cone
angles of the three diffusers were 4°, 6°, and 8% (fig. 4). The
diffuser that gave the best performance in these tests (6° equiva~
lent cone) was then so modified as to have values of A, first, of
0.93 and then of 0.62 (fig. 5).-

The same rear diffuser well was used in all the diffusors. The
magnltude of the angle B (25°) was dictated by the dimensions of
the test rig, the corresponding outlet angle of the impeller being
about 30°., Even then, this 25° angle was slightly large and the
rear shroud had to be curved forward for the last 4 inches. The
effect of this curvature near the diffuser exit appeared to be
negliglble.

In the diffuger for which A = 0.93, the transition section was
very short; the 8° aiffuser sectlon started about 0.7 inch, radilally,
beyond the impeller ocutilet. (See fig. 5.) The transitlon section
having A = 0.62 necessitated sbandoning the design conditlon that
the impeller front shroud and the wall of the transition section have
a common tangoent at the transitilion entrance, The entrance passage was
80 proporivioned that the resultant air veloclty was constant for about
the first 3/4 inch in the trunsition gection, which resulted 1n s
relatively abrupt change in wuall direction (fig. 5).

Tables I to IIT show details of the profiles of the different
diffusers.

APPARATUS AND TESTS

A variable-~-component test rig {reference 3) was employed in
thls Investigation. The mixed-flow impeller used is shown in fig-
ure 6 and a sketch of the impellsr and the diffuser, in figure 7.
Standerd instrumentation was used vhere aprlicavle. In addition,
total-pressure tubes, which provided data for direct calculation of
the efficiency of the impeller-diffuser combination, were installed
at the diffuser exlt (except in the 4° diffuser). A single tangential
collector outlet was used instead of two radial collector outlets, but
provious Investigations showed no appreciable difference in the
instrument readings for the two configurations.
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Bach diffuser was 1nvsstigated a% actual tip speeds of 900,
1100, 1200, and 1300 feet per segond (except the 4° diffuser, wh*ch
was not run at 1300 ft/sec), ‘and the data were subsequently corrected
to standard atmospheric conditiona,:, For: each tip speed, the Tlow
range was from open throttle to surge.

RESULTS AND D:ISCUSSI_:ON

In the: comparison of the performance of diffusers with dif-
ferent values of contraction ratio A and equivalent cone angle B,
efficiency at the diffuser exit rather than over-all efficiency wes
chosen as the most direct, practicable measure of the diffuser effi-
ciency. Although this procedure involves the tacit assumption that
no change occurs in impeller performance with the changes in diffuser
variables, measurements of total pressure at the impeller outlet,
which would allow the isolation of diffuser performance, are, 1n
general, rather unreliable.

Efficiencies at the diffuser exit for the three diffusers
having A = 0.72 and equivalent cone angles of 4°, 6°, and 89,
are shown in figure. 8. The adisbatic efficlency Was found Dby the
procedure recommended for determining over-all efficiency (refer-
ence 4) except that the arithmetic mean of the total pressures at
four statlons across the diffuser exit was substituted for the
correasponding quantity at the outlet measuring station. For the
Present purpose, efficlency 1s plotted against icad coefficlent,
inasmuch as this parameter, being related to the flow angle Qg 5
facilitates comparison of efficjiencies at approximately equivalent
operating conditions.

Inasmuch as total-prés&sure tubes were not installed at the
diffuser exit of the 4° diffuser, the impeller-diffuser efficiencies
were computed from a collector -correlation that gave the static
Pressure at the dlffuser exit and the calculated exit velocities.

The curves of figure 8 indicate relatively high performance
of the 6° diffuser at high loads. The peak efficiency of the 6”
diffuser at high tip speeds is 4 to 5 polnts above that for either
of the other two diffusers. In general, the 4° diffuser has a
definite advantage at low loads. For the 40 diffuser, a decrease
in load coefficient (and so of ag) below the value for maximum
efficiency seems to be associated with smaller losses in sofficlency
than Tor the 6° or 8° diffuser. At values of load coefficient less
than the design value, the departure from optimum flow conditions
in the 4° is less than in the 6° diffuser, as the tendency to
increase o +towards 1ts design velus 1is greater for the smaller
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equivalent cone angle. The peak adiabatic efficiencies at the
diffuser exlt for the three equivalent cone angles and the medium
throat are given in the following table:

Peak adiabatic efflclency
Diffuser Actual tip speed
(f+/sec)
S00 | 1100 | 1200 | 1300
49 0.83 | 0.82 | 0.78 |-===-
&% 84| .84 | .83 |0.79
8° .85 .80 77 .75

For the impeller investigated, an equivalent cone angle of approxi-
mately 6° gives the highest peak efficlency at high tip speeds and
the highest efficiency at the high values of load coefflclent

Diffuser- exit efficienciles for the 6° diffuser with the three
values for . A (0.62, 0.72, 0.93) are shown in figurs” 9. The medium
throat (A= 0,.72) shows appreciably higher efficiencies at medium
and high loads at all tip speeds than either of the others. In this
connectlion it may be recalled that the narrow throat made 1t impos-
sible to retaln at the front shroud the common tangent to the
impeller outlet and transition entrance, and deterioration of the
flow at. high loed coefficisnt might be anticipated. ' At low load
coefficient, the narrow throat quite conslstently shows higher effl-
ciencies than the medium or wide throats at the same value of load
cosfficlent.

The followlng teble shows the peak efficiencies at the diffuser
_ exit for the three values of A used in this investigation with the
&iffuser having a 6° equivalent cone expansion angle:

Peak adiabatic efficiency

A ' Actual tip speed
(ft/sec)

900 | 1100 | 1200 | 1300
0.62 [0:81 [ 0.78 {0.77 | 0.72

721 .84 | Les .83 .79
93 | .81 .81 .78 .75
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Judged on thie basis of..peak efficiency and'efficieﬁcy at medlum and
high load coefficlent, the transition section Having a value of A
of 0.72 gives the best results of the three in the present setup.

The over-all performance of the compressor using the 6° dif-
fuser with A = 0,72 is shown in figure 10. : Pressure ratios are
plotted against corrected .volume flow In accordance with recom-
mended procedure (reference 5) with adiabatlic efficiencies shown
s contour lines. Figure 1l compseres the over-all performance of
the compressor when the 6°, medium-throat (A = 0.72), vaneless
diffuser was used with the performance of the same impeller with
the manufacturer's vened diffuser, at actual tip speeds of 800 and
1100 feet per second., Pressures at the standard measuring station
in the outlet pipe were used in computing these efficiencies. Dats
for the vened diffuser were obtained on the same rig and by the
same technlques as those for the investigation of the vaneless
diffusers. The wider operating range of the vaneless diffuser at
reagonable efficlencies is apparent at both tip speeds, and peak
efficiencles are higher with the vaneless diffuser by about
6 polnts and occur at somewhat higher load coefficients.

A more extensive investigatlon using different types of
lmpeller would be required to determine whether these resulits are
generally valid. In particular, the observed variastions in per-
formance with the true flow angle o indicate that the optimum
cone angle ln the transition section would probably he different
for an impeller having a different flow angle at the design point.

SUMMARY OF RESULTS

A diffuser-design method was investigated with five vaneless
diffusers in combination with a mixed-flow impeller in a variable-
component test rig. The five Impsllers incorporated three dif-
Terent throat heights and three different rates of area expansion
(equivalent cone angles). The design method, which left throat
height and rate of area expansion as parsmeters to be experimentally
determined, resulted in compressor efficiencies equal to or better
than those shown by the vaned diffuser designed for thls impeller
and retained the characteristically wide operating range of the vane-
less diffuser. The diffuser with the 6° equivalent cone angle and a
throat-inlet ratio of 0.72 was found to have the highest efficlency,
about 0.83 at the diffuser exlt at actual tip speeds of 900 to
12C0 feet per second. Throughout mogst of the useful operating range
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the 6° equivalent cone engle gave peak efficiencies “from 4 t0 5 points

higher than either the 4° or .8° equivalent cone angls, The medium
throat gave higher efficlencles by 3 to 8 points than either of the
others at the high tip speeds and load coeffioients..

Flight Propulsion Ressarch Laboratory, ,
National Advisory Committee for- ‘Aeronautics,
Cleveland, Ohio, June 27, 1947.-
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APPENDIX A

‘DERIVATION OF EQUATION FOR AIR DENSITY -

From the gas law,

_ B '
P=&e o e

the relatlon between total and static pressure,

’ 3,53
%=<1-—“2> (29)
. . chp$ S . ST
and the relation between total and static temperaturs,
2-(- o) @
TIN T EesE) B

an expression for densitywoan be obtained in terms of total pressure,
tempserature, and velocity. Substitution in equation (18) of the
value of p from equation (19) and that of . t Prom equation (20)
ylelds N
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APPENDIX B

DERIVATION OF EQUATION FOR TOTAL-PRESSURE LOSS

The pressure loss requlred to overcome frictional resigtance
can be found from an extended form of Bernoulli's equatlon containing
& friction term in addition to the customary terms for pressure and
kinetic energy.

The equation, developed in reference 6 in slightly different
notation, is

u

: 2
R, Uy + 47041

ep =0
- n & 2gD

From the general gas law p'# p/Rt, and ' substitution of this value
for p ylelds '

Rt dp + et Usu _ . 4fU 4fU"d1
p g " 2aD
The relation between total and statlic pressures

A

-1
B:‘(l-Uz->
P ZngT. .

when differentlated logarithmically yilelds

204U
Q.B - gz - - ¥ ngpT
Y P y -1 U2
L g
&Cp /

If thile equation is multiplied through by Rt, 1f the value CP/R

is substituted for 7/(y-l), and if the relation betwsen total and
static temperatures,

Ul

t
R A
T chPI

is introduced, the equation becomes
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rr 22 4 WU _ gy &2
P g P

18

Bernoulli's equation cen thus be written in terms of total pressure

2
re 9B _ _ 4£U°d1

P 28D

For the vaneless diffuser

dr csc afcos B

dl =
2
ue =.-D% sec? a
r
.
_ U
e )
and
D =2h
Substitution of these values gives
4P _ _ f csc sec? a MPar
P .. g hRT

2
2 __U
r ( 580 T) cos B
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APPENDIX C

DERIVATION OF EQUATIONS FOR ¢ AlD o

The two equations in ¢ &and a, can be found as follows:

r ry(sin € + sin @) cos B (8)

e -~ ¥o =
h, - by = ry(cos P - cos €) (7a)
Elimination of Ty results in

s = Yo (sin € + gin ®) cos B
Ly - hy cos ¢ - cog €

Solving for hy - he ylelds

Te = Yo cos ©® - cos €
cca B sino + sin €

hy =~ he =

- - 2 gin 2+ ¢) sin (o €)
re ro 2(. ) 2(@ )

cos B .
A 2 sin l(¢wk€) cos i(ﬁ?f,e)_“
2 AN
: % 1 % 1
rey - T o re - Tp R € - tan 5 O
= ‘tan = .
cos B 2 cos B 1 1
1+ tan-g € tan Ecp
For convenience, let
A =1+ tan 7 € tan L 2
- 2 2

then
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Because @ 1is a small angle,

1 1
tan = = = tan
b 5 P 5 @
and

2hgy A cos B 2hy A cos B
+

tan @ = 2 tan.%-e‘— ,
o Yy =~ To Py = Yo

From equation (9)

EVPLY C O laaw

h = =
8.7 2nrgPely,e 2P (rsUg,e)

cot %y
and
reUg,e = Mo

Substitution of thess quantities in the eguation for +ten ¢ results
in

tan @ =2 tan—li € - 2ho hoos P + 1440 A cos B
2 Ty = To MgPg (g - )

cot =N

In all actual casses, A will be very nearlsr'equal to unity. For
1 1

example, 1f € = 20° and ® = 1° +then 5 tan 56 tan ® is 0.0015 so

that A differs from 1 by only 0.1l5 percent. After using A =1 as
a first approximation, & more precise value can be founi, .If desired,
after ® 1s known but this refinement is in general unnecessary.

If A is taken equal to 1, the equation for +tan © can be written

tan @ = B + G cot a (16)
where o S .
2h. cos B
B =2 tan :%"e e
L. Teg = Yo
4 .
G 144W cos B

TPy = rs)
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The quantities B and G can be found and give one of the two equa-
tions in © and a..

The second equation involving ¢ and oy i1s obtained from
esquation (4a). Substituting in it the values of h from egua-
tion (9), of K from equation (3), and of C from equation (8)
yields :

2
144%W 2re tan® &

2nMo tan oy 4 gin3 o cps? )

. '\/_2~ tan & - Al 2 tan® & _ 4 ten ©
= o
2 sin°/2 o, cos B /\ sin® R cos? B cos B

+ rez 2 t&nz o . 4 tan cp)
4re \ gind e cosz_B - cos B

end, after division by rg and rearrangement,

144W cot ag tan® & tan @
2nMp rg wsin3_ae'cosa p cos B
tan.® ;w 2 tanz 5 “"'4 tangp‘  (17)

/VZ gin3 %y ©O8 B siﬁz Qg cdsZ'B cos B
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TABLE T - PASSAGE HEIGHTS THROUGH DIFFUSERS WITE.

DIFFERENT EQUIVALENT CONE ANGLES

! Pagsage height, h
Radius (in.)
to rear
shroud | Baulvalent cone angle, 8
(in.) (deg)
4 6 | 8
5.350 | 0.806 [ 0.806 |Q.806
5.519 . 782 .782 | .782
6.000 .699 | .699 | .699
6.290 .632 .832 : ,832
6.700 574 .579 .584
7.000 .564 | .578 | .588
7.500 549 | mmmmee | mm———ae
8.000 .535 571 .605
9.000 517 .570 624
10.000 .503 .572 .B646
11.000 .492 577 . 668
12.000 485 .584 .892
13.000 .480 .593 717
13.500 .478 .598 729
17.000 474 . 636 .8320

National Advisory Commlttes
for Aerorautics
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TABLE II - RADII THROUGH DIFFUSERS WITH DIFFERENT

EQUIVALENT CONE ANGLES

Radius: |Mean |Radius -|Mean " {Radius [Mean
R to front|redius |to front{radius,to front|radius
Radius |gpyoud | (in.) |shroud (in.) !shrovd |(in.)
to reer| (in.) C | (in.) L),
shroud - :
(in.) ~ Equivalent cone angle, 8.
(dem)
4 - 8
§.350 5.762 5.556 5.762 "' 5.558 5.762 5.556
5.519 5.907 E.713 5.907 | 5.713 5.907 5.713
6.000 6.313 | 6.156| 6.313 6.156 6.313 6.156
6.290|. "6.557 | '6.423| 6.557 | 6.423| 6.557 | 6.423
6.700] . 6,943 6.822| 6.945 6.822| ' 6,947 6.823
7.000 7.238 |- 7,118 | '7.244 | 7.122 7,249 7.125
7.500| 7.732 | 7.81l6} c—cmmee|acanaa| cmua o] m—————
8.00C| "8.227 8.113 8.241 8.120 8.256 8.128
9.000! 9.218 | 9.109| 9.241 9.120 9,264 | 9.132
10,000 10.212 |10.106} 10.242 [10,121} 10272 |10.138
11.000 | 11.208 | 11.104 | 11.244 |11.122} 11.282 |11.141
12,000 | 12.205 |12.102 | 12.247 {12.123| 12.292 !12,148
15.000 | 13.203 | 13,101} 13.251 |13.125] 13,203 {13,151
13,500 ' 13.702 | 13,601 13.753 {13.626| 13.808 |13.654

National Advisory Commlttee
for Asronsutics

25



TABLE

NACA

TN No,

IIT - PASSAGE HEIGHTS AND RADII THROU@H_DIFFUSERS

WITH DIFFERENT THROAT-INLET RATIOS

1428

Radius PassagélRadiﬁs Pagsage |Radius |Passage
. to front height |to front{height |to front|helght
Radlus |ghroud h shroud h ~ |shroud h
to regr (in.) (in.) | (in.) | (in.) | (in.) | (in.)
S?ﬁﬁ%) Contraction ratio, A
0.62 0.72 , 0.93
5.519 5.907 | 0.782 5.907 | 0.762 | .5.762.| .0.782
6.000 6.223 .522 6.313 .699 | " 6.322 . 763
6.250 6.507 .500 6.557 632 6.608 | . .753
6.700 |  6.911 .438 6,945 579 7.013 | . .747
~ 7.000 7.210 497 | 7.244 576 7.310 | ..735
7.500 7.709 | 496 [m=memean|ommaan- 7.806 | ..725
8.000 8.210 496 8.241 571 8.303 J717
9.000 | 9.211 | . .500 9.211 .570 9.299 .708
10.000 | 10.213 .506 | 10.242 .572 | 10.297 | ..703
11.000 | 11.217 513 | 11.244 577 | 11.297 .702
12.000 | 12.221 .523 | 12,247 584 | 12.298 | ..704
13.000 | 13,225 | ..533 | 13,251 .593 | 13.300 . 709
13,500 | 13.728 .539 | 13,753 .598 | 13.800 | ..712
17.000 {~mmmmanof mmmecef mcmcae eB3L |rummmemnf e

National Advisory Committee
for Aeronautics
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Figure I, -~ Velocity relations in vaneless mixed-flow diffuser.
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NAT IONAL ADV ISORY
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Figure 2. - Vaneless mixed-flow diffuser showing constant angle of

logarithmic~spiral

flow path and height of diffuser passage.
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Figure 3. ~ Layout of diffuser entrance and transition section.
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Fig. 4
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Figure 4, - Section through diffuser passage showing variations in di-
vergence angle. (Dimensions in in. See table I.)
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Figure 5. - Section through diffuser passage showing variations in

throat size. (Dimensions in in.

See tables IT and IIT.)
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(a) Top view.

[+

. 257
(b) Bottom view.

Figure 6. - Mixed-flow impeller used in diffuser investigation.

Fig. 6




FRIFRZE

NACA TN No. 1426 Fig. 7

NAT LONAL ADVISORY
COMMITTEE FOR AERONAUTICS

l Total-pressure survey tube

T
e\ TR,

\_‘_ﬁ_s_m 1l i

Witk
/ \;h&:«_.

4

Figure 7. ~ Assembly of mixed-flow impeller and vaneless diffuser.
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diffuser with contraction ratio of 0.72 and three different equivalent
cone angles.
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